Introduction
Caesarean delivery, also known as caesarean section (c-section), is a form of childbirth in which a surgical incision is made through a mother's abdomen and uterus to deliver the baby (1) . It is one of the most common surgical procedures among women. The number of caesarean delivery has been growing in many developed and developing countries (2) (3) (4) and this increase has not been clinically justified. Over the last few years, the rates of c-section have risen substantially in many countries such as Brazil (30%) (5), Chile (40%) (6) , USA (24.4%) (7) and Malaysia (15.7%) (8) . The caesarean section rate is increasing day by day and is surprisingly high in most countries, including in low income countries like Bangladesh. In the late 70's, the average caesarean section rate was 2.5%, ranging from 0.6 to 4.6% among middle and upper class population in Bangladesh and currently, 12.2% of births are delivered by c-section (9) . According to WHO, there is no justification for any region to have a caesarean rate higher than 10-15%. This signifies a serious cause for concern in most of the countries in the world and due to several investigations into the reasons for the rising rates in caesarean delivery, now it is an identified as emerging ''global epidemic'' (10, 11) . The increase in caesarean deliveries has been attributed to multiple factors ranging from maternal, socio-demographic and institutional factors. Caesarean delivery rates are known to vary widely among different population groups, with known risk factors including maternal age (12) (13) (14) , order of birth (15) , baby weight (16) , place of residence (17) , socioeconomic status (18) , high levels of maternal education (14, 19, 20) , previous c-section (21) (22) (23) , obstetric complications (24) , maternal request (refers to a primary caesarean delivery performed because the mother requests this method of delivery in the absence of conventional medical or obstetrical indications) (25) (26) (27) , high income level (14, 20, 28) and physicians' choices especially within private hospitals (29) . A large number of studies have stressed that as the age of a mother increases, so does the likelihood of caesarean birth (30, 31) . Age at marriage is also a significant cause of caesarean birth rates in the developing countries (32) . The increase in caesarean delivery rates has also raised questions in Bangladesh like in most other countries. Though increased caesarean rates have been questioned and emphasized, for the lack of reliable administrative records on different characteristics at the national level, no early studies were carried out to examine the possible risk factors associated with the evaluated rates of caesarean birth whether among private or public hospitals in the northern region of Bangladesh. This study presents the most recent estimate of csection delivery in northern region of Bang-ladesh and examines the association of reported complications around delivery as well as socio-demographic and relevant characteristics of women with csection using data from sample survey.
Materials and Methods

Conceptual framework
Based on existing literature regarding caesarean delivery found that caesarean birth rates (CBR) is simultaneously influenced by numerous factors such as maternal, socio-demographic and other relevant factors. It is also found that these factors are interrelated to each other. It can be presented in an orderly manner by a conceptual framework where the relationships may be represented with some arrowheads. One sided arrow and indicates the direct and indirect effect of the destination factor respectively. Two sided arrow ( ) denotes that both factors are interrelated. Thus, the conceptual framework of the relationship may be represented as in Fig. 1 . It shows that the relationship among the factors with CBR is too complex and needs to be addressed properly and carefully. 
Study area
In Bangladesh, both public and private hospitals have facilities for caesarean and non-caesarean delivery. To identify the risk factors that influence the choice of route of delivery in public and private hospitals, this study were carried out in the Northern region of Bangladesh.
Study population
Pregnant women admitted for delivery in the selected public and private hospitals.
Variables and their measurements
Dependent variable: The type of delivery was the dependent variable and it was taken to be dichotomous in nature (coded by the values 1 if the respondents undergo caesarean deliveries and 0 otherwise). Independent Variables: The maternal variables included prolonged labour (more than 12 hours), fetal distress, previous c-section, pregnancy induced senseless, pregnancy induced swollen of leg (it is the condition of pregnant women that causes fluid retention and the inability of muscles to absorb liquid), breathing difficulty, child aborted around delivery, multiple births; head circumference, length and weight of babies. For the analysis of data, the category relating to prolonged labour, fetal distress, previous c-section, pregnancy induced senseless and swollen of leg, breathing difficulty, child aborted around delivery and multiple births were assessed as yes or no. The head circumference of newborns was classified into two categories: <32 cm and more than 32 cm. The length and weight of baby were categorised into: <45 cm or more than 45 cm and <2.5 kg or more than 2.5 kg respectively. The socio-demographic variables included maternal age at birth, age at marriage, parity (order of birth), and maternal educational level. Maternal age was categorized into four broad groups (years): <20, 20-24, 25-29 and more than 30. The age at marriage was classified into three categories: <18 years, 18-22 years and 23 years and above. The parity was divided into three groups: 1, 2, and ≥ 3. Education status is the highest level of schooling attained, measured as primary and below, secondary and higher. Place of residence and duration of taking balance diet (it refers to milk, fish, egg, fruit and vegetables that contains adequate amounts of all the necessary nutrients required for healthy growth and activity and those diets were taken a woman in pregnancy period) were also considered as the other related variables in the study. Additionally, place of residence was classified as rural verses urban and duration of taking balance diet was measured as a categorical variable: often, once a week and rarely.
Data collection
This study is based on a proportion of P = 0.5 with an acceptable precision of E = 0.029 and significance level of α = 0.05 and Z = 1.96, using the sample determinant formula (33) . The study sample comprised of 1142 women who had delivery either through caesarean or noncaesarean from four private and four public hospitals. Most of the questions were close-ended and the answers chosen by the respondents were indicated by tick mark. The inclusion criteria were pregnant women who were admitted in maternity wards of private and public hospitals for their deliveries. The study followed a cross-sectional design where data were collected by direct interviews. The participants were selected by simple random sampling and proportion to the estimated load of deliveries, which accounted for 60% of all deliveries during the period of January to March 2010. This percentage is considered more than enough to represent the minimum data sampling. All interviews were conducted within 24 to 48 hours post-delivery. Among the 1142 delivery cases, 652 were caesarean and the remaining 490 were noncaesarean.
Statistical analysis
An initial bivariate analysis was performed to identify significant associations between types of delivery (caesarean vs. non-caesarean) and a series of independent variables. Dichotomous variables were analyzed by the χ 2 test or Fisher's exact test, where appropriate. To isolate some risk factors which are associated with the C-section, we performed the multivariable logistic regression analysis. In brief, to determine the risk factors, let Y i denote a binary variable that equals 1 with probability P if the respondents undergo caesarean deliveries and 0 with probability 1-P otherwise. For a logistic regression,
Where, X j is the set of (j=1, 2,...,17) independent variables,  is the constant of the equation and  is the coefficient of the independent variables. Thus, the estimation form of the logistic transformation can be represented as:
The Cox-Snell and Nagelkerke test were also used to assess the overall goodness of fit of the logistic. Finally, a best regression model was estimated separately for overall, public and private hospital by stepwise forward selection. The data were analysed using the Statistical Packages for Social Sciences (SPSS) software for Windows (version 17.0).
Results
The sample comprised of 1142 mothers with the aggregate caesarean and non-caesarean rates among the participants were 57.1% and 42.9% respectively. The c-section (CS) rate in public hospitals was 30.28% (n=199), while the CS rate in private hospitals was 93.47% (n=453). Table 1 present the proportion of women reporting caesarean and non-caesarean delivery by patient characteristics and their significance level. Table 1 also shows that out of 17 variables examined, nine were statistically significant while the remaining eight were statistically not associated with the type of delivery. The significant proportion rate were highest among women having previous c-section (P<0.001), pregnancy-induced swollen of leg (P=0.006) and length of baby > 45 cm (P=0.029). The rate was highest among women with higher educational level followed by higher maternal ages (30 years and above) as compared to lower age groups (less than 20 years). In addition, both (maternal age and education) were found to be statistically significant (P<0.001). The same pattern was also observed in age at marriage. C-section deliveries were found to be less frequent in rural areas as compared to urban areas and place of residence was significantly associated with type of delivery (P<0.001). Duration of taking balance diet was found to be a significant predictor on the type of delivery (P<0.001) and the highest caesarean rate was also observed for those who rarely take a balanced diet. The adjusted ORs (with 95% confidence intervals) of the logistic regression model of c-section delivery are presented in Table 2 . As shown in Table 2 , the adjusted OR for a CS in overall delivery cases increases significantly with having previous c-section, pregnancy-induced swollen leg, prolonged labour, higher educational level, mother age > 25 years, lower order of birth, length of baby > 45 cm, and irregular intake of balanced diet. To examine the caesarean delivery with associated risk factors by type of health facilities, separate models were constructed for deliveries in private and public hospitals (Table 3 ). It was found that women who have related complications around delivery (previous c-section, pregnancy-induced swollen of leg, prolonged labour) and delivered in public hospitals tend to have higher risk of c-section than those who delivered in private hospitals. Furthermore, those who have pregnancy-induced swollen of leg had the greatest impact on the likelihood of caesarean delivery in public hospital, compared to those who were not. In public hospitals, the highest odds ratios for caesarean delivery were seen in women aged 30 years and above as compared to those aged 25 years and below. Similarly, first and second born babies had higher odds of being delivered by csection as compared to third or above for deliveries occurring in private hospitals. For the length of baby, where compared between the two facilities, the study found that this determinant factor was also less important in public hospitals as compared to private hospitals. By the place of delivery, it was a significant determinant of c-section for women delivering in private hospitals, with the strongest risk shown for women residing in urban areas. Finally, a c-section was 1.73 times more likely to occur in public hospitals to women who rarely take a balanced diet.
To identify the most influential risk factors for caesarean delivery, we carried out a stepwise regression analysis on the variables in Table 3 . In the overall and different health facilities, the most influential significant variables are listed in Table 4 and 5 respectively. By the stepwise selection in overall cases, the analysis reveals that seven remained significant independent risk factors to predict which patients were at highest risk for caesarean delivery. These variables were long time labour, previous c-section, mother's education, mother's age, order of birth, duration of taking a balanced diet and length of baby (Table 4) . From Table 5 , the study also found that long labour time, length of baby more than 45cm, urban residence and lower birth order were the most significant determinants of caesarean section in private hospitals, while for public hospitals long time labour, previous c-section, pregnancy-induced swollen of leg and higher maternal educational level were the most important risk factors for determinants of caesarean delivery in the Northern Region of Bangladesh. 
Discussion
The study examined the maternal, socio-demographic and other relevant determinants of c-section in the northern region of Bangladesh. The csection rates in the different health facilities had been of great concern. The analysis of the c-section deliveries for the private and public hospitals substantiates this concern. The rate for private hospitals was higher, where 453 out of 485 births were caesarean deliveries. Past studies in different countries found that the rate of caesarean delivery in private hospitals is also higher than public hospitals (3, 34, 35) . It seems that the private practice of the doctors and the financial motive of the private hospitals may be playing some important role in determining the caesarean rates. This statement is bearing the weight of previous studies (29, 36) . The result from the logistic regression analysis showed that previous c-section, pregnancy-induced swollen of leg, prolonged labour, maternal educational level, maternal age of more than 25 years, low birth order, length of baby more than 45cm and irregular intake of a balanced diet were important determinants of c-section. Furthermore, the association of these determinants with c-section varied by the different health facilities. By the stepwise selection in logistic regression analysis, we confirmed that demographic characteristics such as length of baby, place of residence and order of birth were more important in private facilities whereas maternal complication such as prolonged labour, previous c-section, pregnancyinduced swollen of leg were more significant determinants in public facilities. Therefore, as shown in this findings, we have expected the rate of csection will be higher in public patients than private patients but the following result showed the inverse; the rate of caesarean delivery are 93.40% and 30.29% in private and public hospital respectively. As previously mentioned, educational level, maternal age and parity were found the significant non-clinical factors as the best efficient models in the logistic model. Our results also confirmed by other studies (34, 37) . The findings of the present study may indicate that educated women tend to delay childbearing, thus increasing their likelihood of having c-section. In the previous study, it was found that mother's education is a proxy of socio-economic variable and it is associated with c-section (38) . In 2001, Ecker et al., cited changes in the childbearing population as a significant cause of the increase of caesarean birth rates. It is also established that age of mother is closely related to c-section (31). Nassar & Sullivan (39) suggested that age and parity (order of birth) alone account for most demographic changes because there is a high primary caesarean rate for first birth to women 30 years age and older. Mothers with low birth order, who undergo c-section, explained that the choice was made mainly because of their greater risk of pregnancy and delivery-related complications (40, 41) . Therefore, it has been imply that delivery by caesarean birth is a complicated health issue in a country level and also a global perspective. In addition, place of residence is one of the most important factors in determining whether to perform a c-section in private or public hospitals, which is consistent with the findings of other studies (17, 42) . Padmadas et al. (38) and Misra & Ramanathan (41) have also found that there is a strong association between c-section and place of residence. It seems that women residing in urban areas of the northern region were more likely to undergo csection in private hospitals. This also indicates the importance of social status in determining the type of delivery. Furthermore, numerous socio-economic and cultural factors influence the decision on pattern of feeding and balance diet that may be influenced to delivery system. As a point of view, duration of taking balance diet considered as an independent variable and the study found that irregular intake of a balanced diet is a significant determinant for caesarean delivery.
Conclusion
The above discussion leads to the conclusion that delivery by c-section is a complicated health issue. Efforts to reduce c-section birth in developing countries like the northern region of Bangladesh will require a comprehensive approach to address patients' variables, care giver practices and hospital policies. In order to addressing the reduction of caesarean rate in the northern region, these significant factors: previous c-section, pregnancyinduced swollen of leg, prolonged labour, maternal educational level, mother's age of more than 25 years, low birth order, length of baby more than 45cm and irregular intake of a balanced diet can be considered to predictors for c-section. Finally, from the statistical point of view, this study also suggests that these factors may influence the health-seeking behaviour of women. Thus, the following steps may be recommended in view of the observed findings: i. In the study found that the rate of caesarean delivery is lower in public hospitals than private hospitals. Therefore, medical audit, quality assessment and supportive supervision should be considered in order to improve the quality of care in private hospitals. This is likely to minimize Csection rate.
ii. The result also shows that mothers of less than 19 years and more than 25 years of age are at higher pregnancy risks for c-section. Thus, age group of 20 to 24 are safer for normal delivery. However, future research should review maternal age when examining predictors of caesarean birth. iii. Encouraging pregnant women to take a balanced and nutritional diet may be beneficial. iv. Health awareness and educational programs should be given to focus on educating women, on appropriate delivery types when their health and specific status will be known. v. Provide complete and reliable information to the mothers so that they do not opt for caesarean section in a state of panic or ignorance. vi. Moreover, Government should be given more attention to monitor hospital data and corresponding strategies.
Ethical considerations
Ethical issues (Including plagiarism, Informed Consent, misconduct, data fabrication and/or falsification, double publication and/or submission, redundancy, etc.) have been completely observed by the authors.
